To examine the association of maternal pregravid body mass index (BMI) and child offspring, all-cause hospitalisations in the first 5 years of life. ) or obese (⩾30 kg m −2 ). Main outcomes were the total number of child hospital admissions and ICD-10-AM diagnostic groupings in the first 5 years of life. Negative binomial regression models were calculated, adjusting for follow-up duration, demographic and health factors. The cohort comprised 8397.9 person years (PYs) follow-up. RESULTS: Children of mothers who were classified as obese had an increased risk of all-cause hospital admissions in the first 5 years of life than the children of mothers with a normal BMI (adjusted rate ratio (RR) = 1.48, 95% confidence interval 1.10-1.98). Conditions of the nervous system, infections, metabolic conditions, perinatal conditions, injuries and respiratory conditions were excessive, in both absolute and relative terms, for children of obese mothers, with RRs ranging from 1.3-4.0 (PYs adjusted). Children of mothers who were underweight were 1.8 times more likely to sustain an injury or poisoning than children of normal-weight mothers (PYs adjusted). CONCLUSION: Results suggest that if the intergenerational impact of maternal obesity (and similarly issues related to underweight) could be addressed, a significant reduction in child health care use, costs and public health burden would be likely.
INTRODUCTION
Consistent with population-level changes in body mass index (BMI) and epidemic proportions of overweight and obesity in the developed world, significant mortality, morbidity and rising health care costs are evident. 1, 2 Obesity is now also a burgeoning problem in the developing world, particularly in women, 3 in addition to the perpetuation of high levels of underweight and malnourishment in low-and middle-income countries. 3, 4 Current evidence demonstrates that an abnormal pregravid BMI, as a result of malnourishment or obesity, is associated with problems with conception, pregnancy complications as well as adverse birth and early neonatal outcomes. 5, 6 Compared with healthy weight mothers, pregnant women with very low pregravid BMI's have an increased incidence of preterm deliveries, small-forgestational-age babies, as well as increased neonatal mortality. 7, 8 It is also well established that maternal prepregnancy obesity increases maternal morbidity with conditions such as gestational diabetes mellitus 9 and hypertensive complications, 10 as well as higher rates of caesarean sections 11 and postoperative complications. 6 One recent population-based study found associations between maternal BMI during pregnancy, short-term morbidity and increased maternal and neonatal health service costs. 12 Maternal obesity has been associated with other adverse neonatal outcomes including increased risk of birth injury, 13, 14 low Apgar scores, 15, 16 respiratory distress syndrome, 13 hypoglycemia, 13 neural tube defects 6 and macrosomia. 17, 18 While pregnancy and early neonatal outcomes related to extreme maternal pregravid BMIs are well understood, there is less evidence regarding long-term intergenerational impact. 6, 19 Recent studies have begun to investigate the role of prepregnancy obesity and childhood respiratory conditions, 5, 20 child obesity, 21 asthma, 22 autism, 23 attention deficit hyperactivity disorder 24 and offspring adult cardiovascular events. 25 However, no studies to date have compared maternal pregravid BMIs and patterns of offspring hospitalisations in early childhood. Therefore, the aim of this study was to examine the association of maternal pregravid BMI and child offspring all-cause hospitalisations in the first 5 years of life.
MATERIALS AND METHODS

Study design
Stratified cohort study.
Participants and setting
Participants were child offspring of mothers in the Environments for Healthy Living (EFHL) study, who were residing in Queensland at the time of enrollment. EFHL is a longitudinal birth cohort study in Southeast Queensland and Northern New South Wales, Australia, examining a number of factors hypothesised to affect child health and development, including obesity. 26 Women were enrolled over a 6-year period (2006-2011) for 4 months each year, from three public maternity hospitals, while attending routine antenatal appointments during the third trimester of pregnancy.
Theoretical framework
This analysis, and the wider EFHL study from which the data were obtained, are based on an ecoepidemiological model of health. 26 This model highlights the multilevel nature of factors and interactions, including the environment, economic and social context, individual behaviours and genetic factors, which may influence health outcomes. 27, 28 These multilevel influences operate throughout the life course, with prenatal and early years of life having a crucial role in later outcomes. 29, 30 The fetal environment is considered a key factor in the aetiology of some diseases later in life, including asthma and respiratory functioning with health behaviours (for example, smoking and alcohol consumption) adopted by parents, important determinants of intrauterine growth. 31 There is increasing interest in examining the role of nutrition, and extreme pregravid parental BMIs, in shaping health and development during the prenatal, infant, early childhood and adolescent periods. 32 It is in this context that the current analysis was derived.
Ethics approval EFHL was approved by the Human Research Ethics Committees of the three participating hospitals (Logan Hospital, Gold Coast Hospital and The Tweed Hospital) and Griffith University. Each participant gave written informed consent for completion of a maternal baseline survey, the release of hospital perinatal data related to the birth of their child and linkage of their child's inpatient state hospital records. All research data were de-identified and stored for analysis.
Data sources
The baseline survey consisted of 48 self-report items including maternal, household and demographic factors during pregnancy. 26 Hospital perinatal records were extracted for information on the pregnancy, delivery and newborn status. Child hospitalisations were extracted from Queensland Hospital Admitted Patients Data Collection from 1 November 2006 to 30 June 2012, inclusive. Child and maternal details and demographic data were linked by the Queensland Health Department using a linkage software applying deterministic and probabilistic methodologies, as well as manual clerical reviews where required.
Calculation of person years
Children in the cohort were born between 2006 and 2011, with hospital data available up to mid 2012, and therefore, the length of follow-up differed considerably. In addition, if a participant's family had moved out of Queensland, the child would not be utilising Queensland hospital services, and similarly, if the child was deceased. Using dates of birth and coverage dates, individual person years (PYs) were calculated for each child with the total time he or she was residing in the state of Queensland, alive and eligible for health care, from birth to 5 years.
Variables
Cohort stratification. Child participants were stratified by their mother's pregravid BMI determined by maternal self-report of weight and height. ) or obese (⩾30 kg m −2 ). 33 Participants with missing maternal BMI data were excluded from the analysis.
Other factors. Demographic, maternal and household variables were derived from maternal self-report survey data. Maternal factors included highest level of education obtained (tertiary degree, trade/apprenticeship, secondary school, not complete school), marital status (single/two-parent family), age at the time of the birth of the child (o 25, 25-29, 30-34 and 35 + years), diabetes-preexisting or gestational (yes/no) and adverse health behaviours during pregnancy. Adverse behaviours included cigarette smoking (yes/no), recreational drug use and/or high-level alcohol consumption (yes/no). High-level alcohol consumption was defined as five or more standard drinks on any one occasion after the first trimester of pregnancy. Alcohol consumption after the first trimester of pregnancy was used as a marker of the mother being aware they were pregnant and therefore conscious of health behaviour choices.
Household variables included the number of other children living in the household (0, 1-2, 3+), their partner's employment status (employed/not working) and income quintile. Gross annual household income was reported in $10,000 increments and standardised in AUD$2010 using published Consumer Price Index 34, 35 then divided into income quintiles. Child and birth data manually extracted from hospital perinatal records, included child gender (male/female), plurality (singleton/twins), gestational age ( o36 weeks/36+ weeks), birth mode (vaginal/caesarean), newborn admission to intensive or special care (yes/no) and birth weight. Using Australian National birth weights for full-term singletons, birth weight was classified as low (o 2500 g), normal (2500-4000 g) and macrosomia (44000 g). 36 Outcome measures. Total number of hospitalisations and diagnostic groupings in the first 5 years of life. The hospitalisation for the birth itself was not included in the number of hospitalisations. Hospital transfers were kept as separate records. Social admissions were excluded. Diagnostic groupings were determined from the extracted hospital records during the follow-up period. Using the primary diagnostic field, admissions were broadly categorised according to the 21 chapters of ICD-10-AM.
Analysis
Data cleaning and analyses were undertaken using SAS 9.3 software (SAS Institute). The statistical significance of differences between groups was assessed by χ 2 test for categorical data, Gamma statistic for ordinal data and the Kruskal-Wallis test for continuous data because of non-normal distributions and the number of maternal pregravid BMI groups. All tests were two-sided with a 5% level of significance. Rates of all-cause admissions and ICD-10 diagnostic groups were calculated for the four maternal pregravid BMI groups taking into account PYs exposure data. Negative binomial regression was used to estimate crude and adjusted RR between exposure (maternal pregravid BMI) and outcome (number of hospitalisations) for child participants, accounting for individual PYs exposure time. Negative binomial regression can be considered as a generalisation of Poisson regression for modelling count data, with an extra dispersion parameter (alpha) to model the overdispersion. A likelihood ratio test of alpha equal to zero was adopted to compare this negative binomial regression model with a Poisson regression model. A Vuong test SAS macro 37, 38 was used to check whether a zero-inflated negative binomial regression model was required to account for the presence of 'excess zeroes' in the outcome data. On the basis of likelihood ratio test, the Vuong test and the goodness-of-fit criteria, the negative binomial regression model was the best model for the hospital count data. 39, 40 Weinberg states that any factor which is thought to be intermediate on the causal pathway between the exposure and the disease, or outcome of interest, should not be adjusted for in the analysis. 41 On the basis of literature and clinical evidence, three factors (birth weight, gestational age and caesarean delivery) were hypothesised to be part of the causal pathway and were therefore not adjusted for in the analysis. Extremes in maternal pregravid BMI have been associated with low birth weight and preterm delivery for underweight groups, and macrosomia and an increased rate of caesarean delivery for overweight and obese groups. [42] [43] [44] In turn, low birth weight, preterm births and caesarean deliveries have been shown to increase the risk of hospitalisation and length of stay during the neonate period. [45] [46] [47] [48] [49] Factors shown to be associated with both the exposure and the outcomes in univariate analysis where Po 0.1, were included in the model as potential confounders. The final model included maternal diabetes (preexisting and gestational), smoking during pregnancy, high-risk alcohol or drug use during pregnancy, marital status, partner employment status and newborn admission to intensive or special care. Owing to the small number of events within single years, regression analysis of the total number of admissions between '0-5 years' was conducted.
RESULTS
In total, 3105 mothers in the EFHL study resided in Queensland at the time of enrollment. Of those, 2779 women had complete pregravid BMI data (89.5%) and were included in the analysis, with 2807 children (including 28 sets of twins). Automated linkage and manual searching found records in Queensland Hospital Admitted Patients Data Collection for 97.1% of the child participants. Almost half of the maternal cohort was classified by their pregravid BMI as either overweight/obese (39.9%) or underweight (8.0%).
Sociodemographic and birth characteristics for maternal BMI groups Women in the underweight BMI group were more likely to be under 25 years of age, be a single parent, have a partner who was not working, have no other children living in the household and reported adverse health behaviours during pregnancy (smoking, drug use/high-level alcohol consumption), compared with women with a normal BMI classification (all Po0.001) ( Table 1) . Women in the overweight and obese groups were more likely to be older and have other children living in the household, compared with women with a normal BMI (Po0.001). Women in the obese category also had a higher proportion of partners who were not working, singleparent families and were least likely to have completed tertiary education compared with women with a normal BMI (all Po0.001). Almost double the number of women with diabetes (preexisting and gestational) was found in the obese group compared with mothers with a normal BMI (5.9% vs 3.2%) (P = 0.0074). As maternal pregravid BMI increased, the number of women who had caesarean sections also increased from 23.5% in the underweight group to 35.6% in the obese group (Po0.0001). As maternal pregravid BMI increased, the number of newborn children who required admission to intensive or special care also increased, from 11.8% in the underweight group to 20.1% in the obese group (P = 0.001). There was no difference in the gender of the children (P = 0.6554) or the proportion of babies born less than 36 weeks gestation (P = 0.4662) between the maternal BMI groups (Table 1) .
Follow-up All children in the study were born between 2006 and 2011, with hospital admissions data available up to and including 30 June 2012, giving a total 8397.9 PYs follow-up from birth to 5 years of age. During the study period, there was a known 4% 'out of state' change in residence and 0.2% child deaths, which were censored from the PYs on the dates of departure and dates of death. There was a significant difference in the length of follow-up time for the pregravid BMI groups with less follow-up time of the children of obese women (P = 0.006). Consistent with this, a previous analysis indicated that across the years of enrollment an increasing proportion of women were classified with pregravid obesity. 50 Hospital admissions Of the total 2807 children, 638 had one or more hospital admissions in the follow-up period (22.7%). With the exception of year 3, the children of obese mothers had higher rates of allcause hospital admissions each year, compared with the children of mothers with a normal BMI ( Table 2 ). Children of obese mothers had a 5-year overall rate of 2.3 vs 1.24 adms per 10 PYs in the children with mothers with a normal BMI. This was followed by the children of underweight mothers with a rate of 1.39 adms per 10
PYs. There was some instability in the rates of admissions per year, most likely due to small numbers, and in the maternal obese category, possibly caused by one outlier case with a large number of admissions in years 4 and 5. However, the first year of life had consistently high rates of child admissions for all maternal BMI groups compared with the other four years.
After adjusting for known confounders, including marital status, partner's employment status, maternal diabetes, adverse health behaviours during pregnancy and newborn admission to special care unit, children of mothers who were classified as obese had significantly more all-cause hospital admissions in the first 5 years of life than the children of mothers with a normal BMI (Adj RR = 1.48, 95% confidence interval 1.10-1.98) ( Table 3 ). There was no difference in the adjusted rates of hospital admissions for the children of mothers who were classified as underweight or overweight. The only covariate that remained significant in the adjusted model was whether the newborn had been admitted to intensive or special care after delivery (P = 0.0002).
Admissions by ICD-10 diagnostic groupings To determine if there were particular patterns of service use or specific conditions that affected children of mothers with different pregravid BMIs, child hospital admissions were categorised using the primary diagnostic field, grouped according to the broad diagnostic chapters of ICD-10-AM. For the total cohort, the most common reason for admission to hospital in the first years of life was for respiratory conditions (25.1%), followed by ill-defined conditions (8.8%), injury and poisonings (8.5%) and infectious diseases (8.4%).
Children of mothers classified as obese experienced higher rates of admissions for a number of diagnostic types compared with children of mothers with a normal BMI (Figure 1) . Although neoplasms had the greatest relative difference (RR = 9.5), in absolute terms, neoplasm accounted for less than 1% of all admissions. Children of mothers in the obese group also had 4.0 times the rate of admission for nervous system diseases compared with those with mothers with a normal BMI (26.0 vs 6.4 adms/1000 PYs), 2.3 times the rate of admissions for infectious diseases (19.6 vs 8.6 adms/1000 PYs), 2.1 times the rate of endocrine and metabolic disorders (5.6 vs 2.7 adms/1000 PYs), 1.7 times the rates of conditions from the perinatal period (14.7 vs 8.9 adms/1000 PYs) and 1.6 times the rate of injuries and poisonings (16.1 vs 10.2 adms/1000 PYs). However, the greatest absolute burden was accounted for by respiratory conditions with a rate 1.3 times that of children of normal BMI mothers (40.7 vs 31.0 adms/1000 PYs).
Similarly, children of mothers in the underweight group had the greatest relative difference in admissions for neoplasms (RR = 9.1), but accounted for few admissions overall (Figure 2 ). The diagnostic group that accounted for the greatest absolute and relative difference for the children of underweight mothers (compared with children of mothers with a normal BMI) was injuries and poisonings (RR = 1.8; 18.1 vs 10.2 adms/1000 PY).
Rates of admissions for children in the maternally overweight group compared with the normal BMI group were elevated in similar diagnostic types as the children of obese mothers but to a lesser extent, including diseases of the nervous system (RR = 1.4; 8.8 vs 6.4 adms/1000 PYs), injury and poisonings (RR = 1.3; 13.3 vs 10.2 adms/1000 PYs) and infectious diseases (RR = 1.2; 10.5 vs 8.6 adms/1000 PYs) (Figure 3 ).
DISCUSSION
The present study is the first to identify a significant association between maternal pregravid obesity and all-cause child hospital admissions and diagnostic patterns, in the early years of life. Considerable research evidence suggests that maternal overweight and obesity are causally related to pregnancy complications, increased birth weight, difficulties associated with the delivery of large-for-gestational-age babies and neonatal admissions to care. 10, 12 Similarly, there is some evidence that maternal morbid obesity (BMI ⩾ 40 kg m − 2 ) is causally related to higher levels of long-term adiposity in offspring; however, further study of this relationship is warranted. There is also a need to better understand the history and timing of prepregnancy weight gain in addition to gestational weight gain, to appreciate the factors contributing to risk of short-and long-term unhealthy body composition in offspring and cumulative impact across generations. 32 Research into long-term outcomes for offspring of mothers with extreme pregravid BMIs is increasing with some evidence of adverse learning, development and poorer child health outcomes. 6, 10, 19, 51 Although the link between maternal obesity and an increased risk of neonate care has been shown, 12 a few recent studies have begun to examine hospital admissions for particular conditions in children of obese mothers, including childhood respiratory problems, 20 and adult offspring cardiovascular events. 25 This study demonstrated a strong association between maternal obesity and child offspring hospitalisations in the first 5 years of life. After adjusting for maternal, sociodemographic and birth factors, children of obese mothers had almost 1.5 times the number of admissions to hospital than children of mothers with a normal BMI. This significance was sustained when one child in the maternally obese category with an excess number of admissions was excluded from the analysis. Different diagnostic patterns of service use were evident for children of mothers with extreme pregravid BMIs. Conditions of the nervous system, infections, metabolic conditions, perinatal conditions, injuries and respiratory conditions were excessive, in both absolute and relative terms, for children of obese mothers, with RRs ranging from 1.3-4.0. Although smaller, a similar diagnostic pattern of increased admissions was found for children of mothers who were overweight. These findings support one case-control study that examined hospital admissions for respiratory conditions in children (0-5 years) and maternal pregravid BMI. Similarly, Parsons et al. 20 found an elevated maternal pregravid BMI was associated with higher risk of early childhood respiratory hospitalisations.
In the current study, the most notable difference for children of mothers who were underweight was that they were 1.8 times more likely to sustain an injury or poisoning than children of normalweight mothers. This is likely, in part, to reflect the sociodemographic differences in the underweight maternal group with a predominance of younger mothers, lowest income households, increased partner unemployment, increased prevalence of smoking, high-risk alcohol and drug use and lower education levels. Consistent with the literature, this study found sociodemographic and birth differences between the maternal BMI groups. 52, 53 Low levels of maternal education, partner unemployment and single-parent families were associated with both underweight and obese mothers. Gestational diabetes, caesarean sections, child macrosomia and neonate admissions were more likely for mothers in the obese group and their child offspring.
Study strengths and weaknesses
The present study has numerous strengths. It is the first study to examine the relationship between maternal BMI and all-cause child hospital admissions and diagnostic patterns of admissions in children 0-5 years of age. The prospective longitudinal data with linkage to administrative health data minimised loss to follow-up common in many cohort studies. The study had a sample size of 2807 children with almost 8400 PYs of follow-up time. Over 97.1% of child participants were identified in the state-based hospital data, which included the birth record. An optimal feature of maternal and offspring health studies is the incorporation of objective or measured as opposed to selfreport estimates of height and weight and subsequent BMI classification. A weakness of the current study was the reliance on self-report of maternal height and weight measures. Further, women were recruited to the study in the latter weeks of pregnancy through routine antenatal hospital clinics so those with high risk and/or complications during pregnancy, plus infants born significantly preterm, were not included. 50 This is likely to account for why no difference was found for the gestational ages across maternal BMI groups that is in contrast to other research. 6 However, previous analysis of the baseline data indicated maternal characteristics were broadly representative of the regional study and national reference population, and showed little change across the recruitment years. Public health implications and conclusion Knowledge and understanding of the importance of healthy eating and activity behaviours for maternal and offspring health is front of mind for many women as they enter the childbearing years. Evidence also suggests that the preconception period (for those women planning to fall pregnant) and the duration of pregnancy are 'teachable moments' and therefore, windows of opportunity to influence the health practices of women. However, given the extent of maternal obesity in the Australian context and across the developed world, knowledge and awareness of health benefits has not translated into behaviour change in a sufficient number of women. Importantly, maternal weight is modifiable with support and appropriate engagement in physical activity throughout pregnancy and attendant consideration of energy intake. For the vast majority of women, regular physical activity sufficient to provide health benefits, is not only possible but potentially of critical importance to maternal and offspring health. This study adds support to a growing body of evidence of the health consequences of maternal overweight and obesity on pregnancy and delivery outcomes plus offspring health and development. Children of women classified as obese were found to have an increased rate of hospitalisations, particularly for conditions of the nervous system, infections, metabolic and respiratory conditions. Although it was not possible for this study to provide an insight into underlying causal mechanisms between maternal pregravid weight and child offspring hospital admissions, 54 results suggest that if the intergenerational impact of maternal overweight and obesity (and similarly issues related to underweight) could be addressed, a significant reduction in child health care use, costs and public health burden would be likely. 
